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license (http://creativecommons.org/licenseAbstract Background: Cervical radiculopathy is an important subgroup of neck disorders
causing severe pain and disability.
Objectives: The study assessed the effect of transverse oscillatory pressure (TOP) on pain in-
tensity and functional disability of patients with cervical radiculopathy.
Methods: Twenty-six individuals with unilateral radiating neck pain were randomly allocated
into Group A (8 males and 5 females) and Group B (6 males and 7 females). Participants in the
two groups received kneading massage, cryotherapy, and active isometric exercises to the
posterior paraspinal muscles, trapezuis, and sternomastoid muscles. TOP was administered
to Group A, whereas Group B served as control. Treatment was applied three times per week
for 4 weeks, making 12 treatment sessions for each participant. Visual analogue scale and
Neck Disability Index were used to assess pain intensity and neck disability, respectively, at
baseline, 2 weeks, and 4 weeks. Data were analysed using repeated-measures analysis of vari-
ance.
Results: There was a significant improvement in pain intensity and neck functional disability
of patients between baseline, 2nd week, and 4th week of treatment sessions in Groups A and B
(p < 0.05). There was a significant reduction in pain intensity in Group A (f Z 7.08, p < 0.05)
at the 2nd week and 4th week compared with Group B.of Medical Rehabilitation, Faculty of Basic Medical Sciences, College of Health Science, Obafemi
com (A.O. Ojoawo).
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20 A.O. Ojoawo et al.Conclusion: It can be concluded that TOP reduces pain faster in patients with cervical radicu-
lopathy.
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Cervical radiculopathy resulting primarily from an inflam-
mation of a cervical nerve root induced by a lesion that
reduces the intervertebral foramen formed an important
subgroup of neck disorders which lead to more severe pain
and disability [1e7]. Cervical radiculopathy is a disease
process marked by nerve compression from herniated disc
material or arthritic bone spurs which typically produces
neck and radiating arm pain or numbness, sensory deficits,
or motor dysfunction in the neck and upper extremities [8].
An epidemiologic survey showed the annual age-adjusted
incidence of radiculopathy to be 83 per 100,000 persons
[1]. Persons reporting radiculopathy were aged between 13
years and 91 years, and men were affected slightly more
than women [8]. More than 14% of persons with radiculop-
athy reported antecedent physical exertion or trauma, and
only 21.9% had an accompanying objective disc protrusion
on imaging with spondylosis, disc protrusion, or both, which
accounted for nearly 70% of cases [8].
The cervical spine has cervical nerve roots that exit
above the level of the corresponding pedicle. For instance,
the C5 nerve root exits at the C4eC5 disc space, and a
C4eC5 disc herniation typically leads to C5 radiculopathy
[8]. The exiting nerve root can be compressed by herniated
disc material (soft disc herniation) or through encroach-
ment by surrounding degenerative or hypertrophic bony
elements (hard disc pathology). In either case, a combi-
nation of factors, such as inflammatory mediators (e.g.,
substance P), changes in vascular response, and intraneural
edema, contribute to the development of radicular pain
[9]. Pain radiation varies depending on the involved nerve
root in which some distributional overlap may exist but
absence of radiating extremity pain does not preclude
nerve root compression; at times, pain may be isolated to
the shoulder girdle [10]. Similarly, sensory or motor
dysfunction may be present without significant pain.
Symptoms are often exacerbated by extension and rotation
of the neck (Spurling sign), which decreases the size of the
neural foramen [11].
The main objectives of treatment in patients with cer-
vical radiculopathy are to relieve pain, improve neurologic
function, and prevent recurrences [12]. Some investigators
have advocated the use of short-term immobilisation (<2
weeks) with either a hard or a soft collar (either continu-
ously or only at night) to aid in pain control [13]. Exercise
therapydincluding active range-of-motion exercises and
aerobic conditioning (walking or use of a stationary bicy-
cle), followed by isometric and progressive-resistive exer-
cisesdis typically recommended once pain has subsided in
order to reduce the risk of recurrence, although this
recommendation is not supported by evidence from clinicaltrials [12]. Manual techniques are the therapeutic tools
therapist uses to assist the body in the repair and adapta-
tion processes [14]. The main aim of manual therapy is to
decrease pain and increase functional activity in areas that
are limited, whether they are joints, connective tissue, or
skeletal muscles [15]. Joint movement and isometric mus-
cle contraction stimulate joint and muscle proprioceptors
[16]. This is theorised to produce pain relieve according to
the gate-control theory of Melzack and Wall [17], where
mechanoreceptor afferents are carried through large-
diameter axons to inhibit nociceptive afferents at the
dorsal horn of the spinal cord, therefore causing inhibition
of pain.
An extensive literature review carried out by Haldeman
et al [6] found that transverse oscillatory pressure (TOP),
which is one of the techniques of manipulation, provides
some benefit in the treatment of chronic mechanical neck
pain. Empirical observations of Maitland [18] reported that
TOP was recommended for unilaterally distributed symp-
toms of cervical origin. Egwu [19] studied the manual forces
applied during vertebral mobilisation to the cervical spine
and found that less time was spent in the use of anterior
posterior unilateral pressure and posterior anterior unilat-
eral pressure; he also noted that significantly more patients
were pain-free with the use of these techniques when
compared to cervical oscillatory rotation and TOP. TOP,
originated by Nwuga [20], although one of the frequently
used manipulative techniques by physiotherapists, has
been claimed to be effective in amelioration of pain in-
tensity especially radiating pain in cervical, thoracic, and
lumbar regions [20,21]. It involves mobilisation of the
spinous process of the vertebrae in the region of the spine
that had mechanical pain [21]. This technique was reported
to be useful when pain has a unilateral distribution,
whether localised to the neck or referred to the upper limb
[21]. However, there was dearth of documenting evidence
on the efficacy of TOP in the management cervical radi-
culopathy. Therefore, the aim of the study was to examine
the effect of TOP on pain intensity and the Neck Disability
Index (NDI) of participants with cervical radiculopathy.
Methods
The participants for this study were 26 (14 males, 12 fe-
males) individuals referred for physiotherapy at the Oba-
femi Awolowo University Teaching Hospital Complex, Ile-
Ife, Nigeria, with cervical radiculopathy in either right or
left upper limbs. They were recently diagnosed patients
from the orthopaedic clinic of the same hospital.
All participants had cervical radiculopathy with a
symptom of radiating neck pain of not less than 6 weeks’
duration with no history of vertebrobasilary artery
21insufficiency. From the patients’ history, the primary
complaint was left-sided neck pain that radiated distally
down the left arm to the elbow in 16 patients, whereas 10
patients reported radiation toward the right upper limb.
Their pain started w6e7 weeks prior to the study. No pa-
tient can recall a specific injury that precipitated his/her
symptoms. The majority reported that they just woke up
with neck and arm pain, and some discovered it while they
were doing their daily activities. Pains were described in
various forms, but a large percentage described the pain as
a burning in the neck and a deep ache into the left arm that
was aggravated by activities at work. Five patients reported
numbness of some fingers in addition to the radiating pain.
Patients with unilateral radiating neck pain that were
not of mechanical origin and patients with recent major
trauma or fracture of the cervical spine, patients whose
primary complaint was that of headaches or facial pain
associated with unilateral radiating neck pain, and any
patient who had received manual therapy of the cervical
region in the past 3 months were excluded from the study.
Ethical approval (HREC NO: IPHOAU/12/33) was ob-
tained from the Health Research Ethic Committee of Insti-
tute of Public Health, College of Health Sciences, Obafemi
Awolowo University Ile Ife, Nigeria. On arrival at the clinic,
the purpose and procedure of the study were explained to
each participant, and consent was obtained prior to the
research. Each participant’s blood pressure (in mmHg),
height (m) and weight (kg) were measured. Active range of
motion of the neck elicited pain, especially flexion towards
the side of radiculopathy. Participants in both groups have
not received physiotherapy intervention since the onset of
their problem. Skin rolling test according to Bansevicius and
Pareja [22] and posterioreanterior pressure according to
Egwu [19] to the cervical region produced pain between the
fourth cervical to seventh cervical vertebrae in all patients.
Spurling’s, distraction and Valsalva tests were carried out
according to Konin et al [23] and were found positive.
Individuals found suitable for the study were randomly
allocated into two groups. Twenty-six pieces of paper with
inscription of TOP on 13 and CON on 13 were wrapped in an
opaque envelope. Each participant picked a paper, and
individuals who picked TOP were placed in Group A (8 males
and 5 females) and the other participants were placed in
Group B (6 males and 7 females). Two participants reported
numbness on the index and middle fingers in Group A, and
three participants reported numbness on the little and ring
fingers in Group B.
Each participant in Groups A and B was treated three
times per week. The maximum experimental treatment
period for a participant was 4 weeks, after which the
treatment time was estimated from the patient’s record.
This cumulated to 12 treatment sessions for each partici-
pant in both groups. Present pain perception and neck
functional disability were measured using visual analogue
scale (VAS) and NDI, respectively.Outcome measures
Patients were introduced to a 10-point VAS with in-
structions not to over- or underestimate the pain. VAS is a
continuous scale comprised of a horizontal or vertical line,usually 10 cm (100 mm) in length, anchored by two verbal
descriptors, one for each symptom extreme. The scale is
most commonly anchored by “no pain” (score of 0) and
“pain as bad as it could be” or “worst imaginable pain”
(score of 100; 100-mm scale) [24]. Each participant was
asked to point to the number corresponding to the pain
intensity, which was recorded.
The NDI utilised in the study was in the English language.
NDI is a commonly utilised outcome measure to capture
perceived disability in patients with neck pain [25]. The NDI
contains 10 items: seven related to activities of daily living,
two related to pain, and one related to concentration [26].
Each item is scored from 0 to 5, and the total score is
expressed as a percentage, with higher scores corre-
sponding to greater disability [26]. The NDI has demon-
strated moderate testeretest reliability and has been
shown to be a valid health outcome measure in a patient
population with cervical radiculopathy. Westaway et al [27]
identified the minimum detectable change as 5 (10 per-
centage points) in a group of 31 patients with neck pain.
Stratford and colleagues [28] identified the minimal
detectable change also to be 5 (10 percentage points) in a
group of 48 patients with neck pain and arm pain.Interventions
Exercise therapy
During each appointment, participants in the two groups
underwent exercises. All participants performed cervical
spine retraction, rotation in each direction especially away
from the direction of pain, extension, and contralateral
side-bending stretching exercises. Deconditioning of cervi-
cal deep neck flexors was also addressed through exercise
according to Ylinen et al [29]. The exercises also included
passive stretching and isometric exercises to the posterior
neck muscles. Isometric exercise was administered ac-
cording to Kisner and Colby [30] to the posterior neck
muscles for 10 seconds in 10 rounds, in which the
contraction was against resistance of the physiotherapist’s
hand. Ice chips were packed in a towel and applied to the
cervical region for 7 minutes, then kneading massage was
applied with methyl salicylate ointment for 3 minutes.
TOP
For participants in Group A, in addition to the exercise
therapy, cryotherapy, and massage with methyl salicylate
ointment were also applied. TOP was administered with
the patient lying prone on a couch with the forehead
placed on the backs of her fingers. Standing on the side of
the patient, the therapist placed the pad of the thumbs
against the left side (or the right side depending on the
location of the pain) of the spinous process of the verte-
brae to be moved. The fingers are spread out on the neck
and the upper thoracic region. Pressure is directed hori-
zontally through the thumbs to the side of the spinous
process. TOP is executed by a pressure-relaxed sequence
on the spinous process. Movement is initiated from the
trunk and transmitted down the arm to the thumbs [21].
Treatment is effected by a pusherelax sequence on the
spinous process using the thumbs to produce an oscillatory
movement. Transverse pressure was directed towards the
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done rhythmically for a period of 20 seconds. This was
repeated three times with a rest period of 2 minutes for a
session per day [21].
Treatment was administered three times per week for 4
weeks and cumulated to 12 treatment sessions. Patient
response was assessed after each third treatment session
using VAS and NDI. Patients were advised not to involve in
any other intervention without consulting the correspond-
ing author of this article.
Data analysis
SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) was used to
analyse the data. Descriptive and inferential statistics were
used to summarise the result. An independent t test was
used to compare each of the physical characteristics of the
participants in Groups A and B. Repeated-measures analysis
of variance (ANOVA) testing was used to compare the pre-
treatment, 2nd week, and 4th week values of present pain
intensity and NDI of participants in Groups A and B.
Repeated-measures ANOVA was also used to compare pre-
treatment, 2nd week, and 4th week values of the outcome
measures between Groups A and B. Post hoc analysis using
Tukey’s highest significant difference was carried out to
examine which variables were significantly different from
each other. An alpha level of 0.05 was set as level of
significant.
Results
The study was designed to assess the effect of TOP in the
management of cervical radiculopathy. Figure 1 illustrates
the flow of patients through the study. Overall, 42 patients
with neck pathology were examined. Six patients had acute
neck pain resulting from muscle spasm, four patients had
pain resulting from accidents, and six patients did not
consent to participate in the study, leaving 26 patients
available for the study. The 26 patients were randomly
assigned into two groups. TOP, exercise, and massage with
methyl salicylate ointment were given to Group A, whereas
exercise and massage with methyl salicylate ointment only
were provided to Group B, which served as the control
group. Individuals in the two groups received range of
motion exercise, stretching and strengthening exercise,
and cryotherapy three times a week for 4 weeks, making 12
treatment sessions. TOP was applied in addition to exercise
for Group A, whereas Group B served as control.
The physical characteristics of participants in the two
groups are presented in Table 1. The mean values of
physical characteristics of participants in Group A were not
significantly different from those of their Group B
counterparts.
Table 2 compares the pretreatment, 2nd week, and 4th
week pain intensity values of Group A. There was a signif-
icant difference between the pretreatment, 2nd week, and
4th week values of pain intensity (f Z 37.881; p < 0.001)
and NDI (f Z 23.156; p < 0.001) in the group. The differ-
ence in pain intensity between the pretreatment and the
2nd week was 2.8, and that between the 2nd week and 4th
week was 2.17. Moreover, the difference in NDI betweenpretreatment and the 2nd week was 19.66, and that be-
tween the 2nd week and 4th week was 22.67.
Table 3 compares the pretreatment, 2nd week, and 4th
week pain intensity values of Group B. There was a signif-
icant difference between the pretreatment, 2nd week, and
4th week values of pain intensity (fZ 34.40; p < 0.001) and
NDI (f Z 24.54; p < 0.001) in the group. The difference in
pain intensity between pretreatment and the 2nd week was
1.5, and that between the 2nd week and 4th week was 2.59.
Meanwhile, the difference in NDI between pretreatment
and the 2nd week was 19.51, and that between the 2nd week
and the 4th week was 12.32.
Table 4 shows the results of repeated-measures ANOVA
and post hoc analysis using Tukey’s highest significant dif-
ference comparing the pain intensity of Group A and Group
B during pretreatment, 2nd week, and 4th week treatment
session. A significant reduction was observed between
Groups A and B at the 2nd week (f Z 31.240; p < 0.05) and
the 4th week (fZ 31.240, p < 0.05). The difference in pain
intensity in the 2nd week and 4th week between Groups A
and B were 1.42 and 2.01, respectively.
Table 5 presents the results of repeated-measures
ANOVA comparing the pretreatment, 2nd week, and 4th
week NDI values in Groups A and B. There was no significant
difference between the pretreatment, 2nd week, and 4th
week NDI in Groups A and B (f Z 1.46; p > 0.05).Discussion
The purpose of this study was to examine the therapeutic
efficacy of TOP in the management of pain intensity and
functional disability of patients with cervical radiculopathy.
TOP was found to induce a significant reduction on clinical
outcome measures especially in Group A. The mean dif-
ference between the pretreatment and 2nd week values of
pain intensity in Group A was greater than that of Group B.
Also, the mean difference of NDI at the 4th week in Group A
was greater than that of Group B, an indication that TOP
has a significant therapeutic effect in the management of
cervical radiculopathy. Manual therapy including TOP may
alter segmental biomechanics by releasing trapped menis-
coids, releasing adhesions, or by diminishing distortion in
the intervertebral disc [31e33]. Also, individual motion
segments are thought capable of buckling, thereby pro-
ducing relatively large vertebral motions that achieve a
new position of stable equilibrium [34]. The manipulative
impulse may provide sufficient energy to restore a buckled
segment to a lower energy level, thus reducing mechanical
stress or strain on soft and hard spinal tissues [35]. Gillette
[36] proposed that spinal manipulation activates all known
mechanosensitive, somatosensory receptors because they
all possess mechanical thresholds lower than the peak force
delivered during a manipulation, and because the receptor
types are responsive to dynamic and/or static components
of a mechanical stimulus.
Our study showed further that there was a significant
reduction in pain intensity at the 2nd week of the study in
Group A compared to Group B, an indication that patients
will have faster pain relief with TOP. Haldeman et al [6]
found that TOP provides some benefit in the treatment of
chronic mechanical neck pain. Empirical observations of
42 patients with neck pathology were examined.   
6 had acute neck painresulting from muscle  
spasm, 4 had pain resulting from accident
and 6 did not consent to participate in the study.
26 patients were available for the study.
26 patients were  
randomised
13 patients were treated with 
exercise, TOP and massage 
with methyl salycilate ointment
13 patients were treated with
exercise and massage with    
methyl salycilate ointment.  
Intervention and follow-up 
from February to March  
2015. Outcome measures 
assessed.
Intervention and follow-up from 
February to March 2015.  
Outcome measures assessed.
Data collection and analysis
Data collection and analysis
4 patients stopped coming 
in the 3rd week because the 
pain intensity was very 
minimal. Other patients 
completed the study
All patients completed 
the 4 weeks of treatment. 
Figure 1. Flow chart for the randomised controlled trial.
Table 1 Physical characteristics of participants (NZ 26).
Variables Mean  SD T p
Group A Group B
Age (y) 55.67  5.35 59.50  2.646 3.01 0.08
Weight (kg) 73.13  13.010 71.25  5.377 0.05 0.95
Height (m) 1.63  0.12 1.65  0.026 0.09 0.92
BMI (kg/m2) 26.83  4.43 26.02  2.041 0.15 0.86
BMI Z body mass index; SD Z standard deviation.
Table 2 Repeated-measures ANOVA comparing the
outcome measures of pretreatment, 2nd week, and 4th week
sessions in Group A (N Z 13).
Variables Mean  SD F p
Pain
intensity
Pretreatment 7.63  2.98
2nd wk 4.83  0.75 37.881 <0.001*




Pretreatment 58.66  8.91
2nd wk 39.00  17.46 23.156 <0.001*
4th wk 16.33  9.75
* Significant at p < 0.001.
ANOVA Z analysis of variance; SD Z standard deviation.
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Table 3 Repeated-measures ANOVA comparing the
outcome measures of pretreatment, 2nd week, and 4th week
sessions in Group B (N Z 13).
Variables Mean  SD F p
Pain
intensity
Pretreatment 7.75  0.96
2nd wk 6.25  0.95 34.400 <0.001*




Pretreatment 53.33  11.30
2nd wk 33.82  1.67 24.540 <0.001*
4th wk 21.50  5.00
* Significant at p < 0.001.
ANOVA Z analysis of variance; SD Z standard deviation.
Table 5 Repeated-measures ANOVA comparing the NDI of
Groups A and B at pretreatment, 2nd week, and 4th week
sessions (N Z 26).a
Variables Mean  SD F p
Group A (13) Group B (13)
Pretreatment 58.66  8.91a 53.33  11.30a
2nd wk 39.00  17.46b 33.82  1.67b 1.46 0.46
4th wk 16.33  9.75c 21.50  5.00c
* Significant at p < 0.05.
ANOVA Z analysis of variance; NDI Z Neck Disability Index;
SD Z standard deviation.
a Superscript letters within the table: mean mode with the
same superscript letters indicate no significant difference be-
tween means. Mean mode with different superscript letters
indicate significant difference.
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unilaterally distributed symptoms of cervical origin. Our
findings are in agreement with these studies. Moreover,
Hurwitz et al [37] supported the use of manual therapy and
exercises for neck pain in comparison to alternative treat-
ments and suggested a lack of research in patients experi-
encing neck pain with radicular symptoms.
The study demonstrated significant reduction in pain
intensity and NDI scores over a period of 4 weeks for the
experimental and control groups. This is an indication that
pain of cervical radiculopathy and NDI can be reduced when
treated with a combination of exercise, massage, and
cryotherapy. The improvement of outcome measures in
Group B is in line with the observation of Radhakrishnan
et al [1]. They reported that conservative treatment is
generally believed to alleviate symptoms of cervical radi-
culopathy, at least for the short term, and the long-term
prognosis remains unknown. In their study, Gupta et al
[38] compared postisometric relaxation and isometric ex-
ercise in nonspecific neck pain and reported a significant
improvement in pain intensity and NDI in two groups. The
study also reported that exercise therapydincluding active
range-of-motion exercises and aerobic conditioning
(walking or use of a stationary bicycle), followed by iso-
metric and progressiveeresistive exercisesdis typically
recommended in a case of cervical radiculopathy once pain
has subsided in order to reduce the risk of recurrence [12].
Exercise appears to improve pain and function over the longTable 4 Repeated-measures ANOVA with post hoc
comparing the pain intensity of Groups A and B at pre-
treatment, 2nd week, and 4th week sessions (N Z 26).a
Variables Mean  SD f p
Group A (13) Group B (13)
Pretreatment 7.63  2.98a 7.75  0.96a
2nd wk 4.83  0.75b 6.25  0.95c 31.240 0.003*
4th wk 2.66  0.81d 4.67  0.81e
* Significant at p < 0.05.
ANOVA Z analysis of variance; SD Z standard deviation.
a Post hoc Tukey’s highest significant difference. Superscript
letters within the table: mean mode with the same superscript
letters indicate no significant difference between means. Mean
mode with different superscript letters indicate significant
difference.term [39]. Studies have examined the effect of isometric
exercise on the contracting body part, as well as on the
contralateral and a distant body part to the contracting one
[40e43]. Importantly, the hypoalgesic effect of isometric
exercise was multisegmental and not isolated to the con-
tracting muscle. Moreover, the pain-reducing effects of
isometric exercise on the contralateral and distant body
parts were similar in magnitude to the local body part.
These results suggest that a central widespread inhibitory
mechanism is activated by static muscle contractions. As
discussed by Kosek and Lundberg, these central mecha-
nisms may include increased secretion of b-endorphins,
attention mechanisms, activation of diffuse noxious inhib-
itory controls, or an interaction of the cardiovascular and
pain regulatory systems [41].
The effect of kneading massage in this study is explained
by researchers who documented that massage has tradi-
tionally been used to relieve pain in producing short-lived
analgesia by activating the “pain gate” mechanism [44].
Cutaneous mechanoreceptors are stimulated by touch and
transmit information within large nerve fibres to the spinal
cord [45,46]. These impulses block the passage of painful
stimuli entering the same spinal segment along small,
slowly conducting neurons [47]. Massage is a potent me-
chanical stimulus and a particularly effective trigger for the
pain gate process which can reinforce a naturally occurring
discomfort, cause much greater release of opiates, and
achieve more profound pain suppression [48]. On muscle
fibres, massage reduces discomfort, relieves the associated
muscle spasm, and permits improved function [49].
The contribution of cryotherapy in the relief of pain
has been reported in studies noting that cryotherapy
may be most effective when combined with exercise
[50,51]. Adequate cooling can reduce pain, spasm, and
neural inhibition, thereby allowing for earlier and more
aggressive exercises. Cryotherapy can increase pain toler-
ance and pain threshold and decrease nerve conduction
velocity [51].
Conclusion
It could be concluded from the study that there was an
overall improvement in pain intensity and NDI scores over 4
25weeks of treatment regardless of the intervention (ice
therapy, exercise, and TOP). The study revealed that
addition of TOP in the management of cervical radiculop-
athy reduced pain intensity faster compared with cryo-
therapy, massage, and exercise only.Conflicts of interest
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